Directivity of Event 1
Position of hypocentre, centroid and the last rupture stop indicated that Event 1 was predominantly behaving as unilateral rupture. This is further corroborated here by inspecting directivity. At most of the regional stations used, the P-wave group is dominated by the direct wave (as checked by calculating a point-source impulse response); hence the apparent source duration is directly estimated by subtracting hypocentre time from the time of the P-wave end. In 
Back-projection of synthetics
Before back-projecting real data we make a test of station coverage, following prior work 2 (their section 7). A point-source event is supposed to have its epicentre at point (0,0) in a NS-EW grid. In Fig. S2a we assume non-realistically accurate data (error +/-0.5 s); this option makes the station strips quite narrow and enables us to see that the real station coverage is very good.
When increasing the temporal error to +/-3s (in Fig. S2b ), the brightness pattern is smoothed and the point source is imaged as an ellipse, ~100 km long, elongated in the SSW-NNE direction (Fig. S2b) ; this is caused by a small imperfection of the coverage. Nevertheless, the image remains centred at the true epicentre. When the error is +/-1 s, and the back-projection is made at the correct depth (620 km), the source image is good (Fig. S2c ), but when we perform back-projection at a grid situated at the depth of 600 km, the same temporal error yields an important distortion ( When projecting real data at regional distances, the signal coherence across stations is low, hence a smoothing is necessary; this is equivalent to a larger temporal error in these tests.
Therefore, we must expect blurred images of point sources. Moreover, the brightness maxima might be spatially biased due to incorrect depth. Naturally, finite sources bring even more 
Back-projection of Event 1
Regional velocity waveforms (vertical components at 18 stations), with instrument response removed, were squared, causal band-pass filtered (0.5-2 Hz), smoothed by a 2-s running average, and normalized. Then they were fourth-root stacked over stations and averaged in an 
Back-projection of Event 2
The same technique as used for Event 1 was applied to Event 2 ( The hypothesis that the NE patch is an artefact has been supported also by an additional test in which we back-projected seismograms on the nodal planes, instead of the horizontal planes. In that case we observed instability of Event 2; indeed, the bright spot was artificially 'moving' updip with progressive time. No instability like that was observed in Event 1. It is likely that Event 2 involved more non-horizontal rupture evolution than Event 1, but such a non-horizontal evolution is hardly resolvable.
For all these reasons the NE patch (marked by the question mark) is not included in the final seismic interpretation of the doublet in Fig. 1b of the main text. 
Two-point source modelling
We invert waveforms for two point-source subevents simultaneously Therefore, for brevity, the whole technique is denoted NNLS. With NNLS we obtain a suite of solutions that match the data within a chosen threshold of variance reduction, thus obtaining certain insight into the model uncertainty. Note that our multiple-point-source models do not require any assumption about rupture speed. An example of a typical waveform match for twopoint models of Fig. 2 in the main text (variance reduction of 0.7) is shown in Fig. S5 . 
